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ANIMATABLE GRAPHICS LIGHTING
ANALYSIS REPORTING

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is a continuation of U.S. patent applica-
tion Ser. No. 12/207,412, filed Sep. 9, 2008. The aforemen-
tioned related patent application is hereby incorporated
herein by reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates generally to the field of com-
puter graphics and, more specifically, to animatable graphics
lighting analysis reporting.

2. Description of the Related Art

In graphics design, one parameter that affects the final
rendered image is the lighting that illuminates different sur-
faces of the graphics objects within the image at potentially
different intensities. Lighting values are typically computed
using sophisticated mathematical formulas involving factors
like the positions of different objects relative to the light
source(s) as well as the intensity of those light sources. Fur-
ther, with a dynamic light source, i.e. a light source that has
varying intensity and position over time, like daylight, light-
ing values associated with the different surfaces will vary
over time too. Users of graphics modeling and creation soft-
ware need to be able to inspect lighting values across the
different objects in graphics scenes when designing the
scenes to understand the effects that static and/or dynamic
light sources have on their designs.

In typical graphics modeling and creation software, light-
ing values are computed with respect to different points on an
object surface as the three-dimensional (3-D) scene is gener-
ated. However, the end-user can only view these lighting
values one point at a time, usually by moving the cursor over
the graphics scene. The end-user is not able to see the aggre-
gate of the lighting values that were computed across the 3-D
scene. Some graphics applications allow multiple lighting
values to be computed for multiple points within a surface.
However, there is no effective way to pull up these values
associated with those surfaces.

In addition, since lighting values are computed one frame
at a time, there usually is no efficient way to see the varying
lighting values frame-over-frame, as the lighting changes.

As the foregoing illustrates, what is needed in the art is an
effective mechanism for displaying lighting values associated
with the surface of an object in a graphics scene, especially in
graphics scenes where the lighting changes over time.

SUMMARY OF THE INVENTION

One embodiment of the present invention sets for a method
for displaying lighting values associated with a graphics
model. The method includes the steps of generating a light
meter on a surface associated with the graphics model, where
the graphics model includes one or more graphics objects,
and the light meter defines a set of points on the surface
associated with the graphics model, generating a light meter
object corresponding to the light meter, computing a lighting
value for each point in the set of points based on at least one
light source associated with the graphics model to generate a
first set of computed lighting values, and storing the first set of
computed lighting values in the light meter object.
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One advantage of the disclosed method is that the com-
puted lighting values may be superimposed with an overlay
grid on the graphics model, allowing the end-user to easily
view the lighting values associated with the graphics model.
In addition, since the lighting values associated with the light
meter may be computed for every frame that includes the
graphics model, the effects of a varying light source on the
graphics model can be easily observed by way of the overlay
grid with computed lighting values rendered on top of the
graphics model.

BRIEF DESCRIPTION OF THE DRAWINGS

So that the manner in which the above recited features of
the present invention can be understood in detail, a more
particular description of the invention, briefly summarized
above, may be had by reference to embodiments, some of
which are illustrated in the appended drawings. It is to be
noted, however, that the appended drawings illustrate only
typical embodiments of this invention and are therefore not to
be considered limiting of its scope, for the invention may
admit to other equally effective embodiments.

FIG. 1 illustrates a computer system configured to imple-
ment one or more aspects of the present invention;

FIG. 2 illustrates a detailed view of the system memory of
FIG. 1, according to one embodiment of the present inven-
tion;

FIG. 3 illustrates an application display that includes a first
display window 304, according to one embodiment of the
present invention;

FIG. 4A illustrates a first display window that includes a
first overlay grid superimposed on the 3-D graphics model of
FIG. 3 as well as a second display window that includes a
JPEG image of a second overlay grid superimposed on the
3-D graphics model, according to one embodiment of the
present invention;

FIG. 4B illustrates a more detailed view of the first display
window of FIG. 4A, according to one embodiment of the
present invention;

FIGS. 5A and 5B illustrate how the lighting values on the
first overlay grid of FIG. 4A change frame-over-frame as a
timeline scrollbar is moved, according to one embodiment of
the present invention;

FIGS. 6A and 6B illustrate JPEG images in the second
display window of FIG. 4A changing as a mouse cursor
moves across the second display window 408, according to
one embodiment of the present invention;

FIG. 71s aflow diagram of method steps for calculating and
storing lighting values associated with a light meter of FIG. 3
for each frame that includes the 3-D graphics model, accord-
ing to one embodiment of the present invention;

FIG. 8 is a flow diagram of method steps for displaying the
lighting values associated with the light meter of FIG. 3
frame-over-frame on the first overlay grid of FIG. 4A, accord-
ing to one embodiment of the present invention;

FIG. 9 is a flow diagram of method steps for generating a
JPEG image with a superimposed overlay grid with lighting
values for each frame that includes the 3-D graphics model,
according to one embodiment of the present invention; and

FIG. 10 is a flow diagram of method steps for displaying
JPEG images frame-over-frame in the second display win-
dow of FIG. 4A, according to one embodiment of the present
invention.

DETAILED DESCRIPTION

In the following description, numerous specific details are
set forth to provide a more thorough understanding of the
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present invention. However, it will be apparent to one of skill
in the art that the present invention may be practiced without
one or more of these specific details. In other instances, well-
known features have not been described in order to avoid
obscuring the present invention.

FIG. 1 illustrates a computer system 100 configured to
implement one or more aspects of the present invention. As
shown, the computer system 100 includes a system memory
102, an input device 112, an external memory 116, a central
processing unit (CPU) 122, a frame buffer 126, a graphics
processing unit (GPU) 130 and a display screen 134. The
system memory 102 includes a graphics application 104 and
a GPU driver 108. The system memory 102 is a memory
space, usually a random access memory, that temporarily
stores software programs being used in the system 100 at any
given time. The graphics application 104 and the GPU driver
108 are connected via a communication path 106. The graph-
ics application 104 is a software program that allows an
end-user to create and manipulate 3-D graphics models and
view and store graphics data associated with the 3-D graphics
models. The GPU driver 108 is a software program that
allows the graphics application 104 to communicate with the
GPU 130 via the CPU 122. The input device 112 is an end-
user controlled input device, e.g. a mouse or keyboard that
may manipulate various aspects of the graphics application
104. The external memory 116 is a storage device, e.g. a hard
disk, and includes an application memory portion 118 for
graphics data associated with the graphics application 104.
The system memory 102, the input device 112 and the exter-
nal memory 116 are connected to the CPU 122 via the com-
munication paths 110, 114 and 120, respectively. The CPU
122 is configured to execute a sequence of stored instructions
associated with and/or transmitted from the various elements
in the computer system 100.

The graphics application 104 may transmit instructions to
the CPU 122 via the communication path 110 to store graph-
ics data to or retrieve graphics data from the application
memory portion 118 within the external memory 116. The
graphics application 104 may also transmit graphics data to
the GPU driver 108. The GPU driver 108 processes the graph-
ics data so that the graphics data can be understood by the
GPU 130. The CPU 122 receives this processed graphics data
from the GPU driver 108 via the communication path 110 and
transmits the processed graphics data to the GPU 130 via
communication path 124. The GPU 130 is configured to
perform various tasks related to producing pixel data from the
graphics data supplied by the CPU 122. Further, the GPU 130
is configured to store and update the produced pixel data in
the frame buffer 126 via the communication path 128 and/or
transmit the produced pixel data to the display screen 134 via
the communication path 132 for display.

FIG. 2 illustrates a detailed view of the system memory 102
of FIG. 1, according to one embodiment of the present inven-
tion. As shown, the system memory 102 includes the graphics
application 104 and the GPU driver 108. The graphics appli-
cation 104 includes a graphics model buffer 202, a software
rendering engine 210, a rendered images buffer 214, a light-
ing values buffer 218 and a JPEG buffer 222. The graphics
model buffer 202 includes graphics data 204 and a light meter
object 206 and is connected to the software rendering engine
210 via a communication path 208. The graphics data 204
includes the graphics data associated with each frame of an
user-defined 3-D graphics model. The light meter object 206
is a data structure that stores lighting data associated with a
light meter defined on the 3-D graphics model. This lighting
data may include lighting values and the color of the light
meter for each rendered frame that includes the 3-D graphics
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model. In one embodiment, multiple light meter objects 206
may be stored in the graphics model buffer 202.

The software rendering engine 210 performs, among other
things, various calculations on the graphics data 204 and
computes lighting values associated with one or more light
meters defined on the 3-D graphics model. In one embodi-
ment, the lighting values reflect physically-based intensities,
such as luminance or illuminance, associated with the 3-D
graphics model. In alternative embodiments, the lighting val-
ues may relate to any other lighting characteristics associated
with the 3-D graphics model. The lighting values are trans-
mitted to the light meter object 206 in the graphics model
buffer 202 via the communication path 208. The software
rendering engine 210 is coupled to the rendered images buffer
214, the lighting values buffer 218 and the JPEG buffer 222
via the communication paths 212, 216 and 220, respectively.
The software rendering engine 210 renders high-quality col-
ored images of the 3-D graphics model using the graphics
data 204 on a frame-by-frame basis. These high-quality col-
ored images are transmitted to the rendered images buffer
214, via communication path 212, where the images are then
stored.

In addition to computing light values associated with the
various light meters, the software rendering engine 210 com-
putes lighting values for every pixel of the 3-D graphics
model on a frame-by-frame basis based on the graphics data
204. The computed per-pixel lighting values are then trans-
mitted to the lighting values buffer 218, via communication
path 216, where the per-pixel lighting values are stored. For
each frame that includes the 3-D graphics model, the software
rendering engine 210 superimposes an overlay grid with per-
pixel lighting values retrieved from the lighting values buffer
218 on a corresponding rendered image retrieved from the
rendered images buffer 214. The software rendering engine
210 converts the resulting image into a JPEG-formatted
image. The JPEG images for different frames that include the
3-D graphics model are then transmitted to the JPEG buffer
222, via the communication path 220, where the JPEG
images are stored. The JPEG images may also be transmitted
by the graphics application memory 104 to the CPU 122, via
the communication path 110, for storage in the application
memory portion 118 of the external memory 116. In alterna-
tive embodiments, the software rendering engine 210 may
convert the resulting image into any other technically feasible
image format, such as TIFF or PNG.

FIG. 3 illustrates an application display 302 that includes a
first display window 304, according to one embodiment of the
present invention. As shown, the application display 302
includes the first display window 304 and a graphical user
interface 314. The first display window 304 displays the
set-up for calculating lighting values for one or more surfaces
of'a 3-D graphics model 306. The 3-D graphics model 306 is
auser-defined model that is created within the graphics appli-
cation 104 and may be loaded from and saved to the external
memory 116 by the graphics application 104. Along with the
3-D graphics model 306, the first display window 304
includes a light meter 308 and a light source 310. The light
source 310 affects the lighting across the 3-D graphics model
306 and may be configured by the end-user such that the
position of the light source 310 varies across each frame that
includes the 3-D graphics model 306. As described in con-
junction with FIG. 2, the graphics data associated with each
frame that includes the 3-D graphics model 306 is stored in
the graphics data 204 in the graphics model buffer 202.

The light meter 308 is a user-defined construct on a surface
of'the 3-D graphics model 306 that defines a set of grid points
on the surface of the 3-D graphics model 306 for which
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lighting values are computed by the software rendering
engine 210. A point 312 is one such grid point on the surface
of'the 3-D graphics model 306 for which the lighting value is
computed. In one embodiment, the light meter 308 has a
rectangular shape and the size of the light meter 308 and the
density of grid points for which lighting values are computed
may be modified based on user settings. The orientation of the
light meter 308 is based on the normal of the model surface on
which the light meter 308 is created. Multiple light meters
308 may be defined on different surfaces of the 3-D graphics
model 306. The light meter 308 corresponds to the light meter
object 206 of FIG. 2. As described in conjunction with FIG. 2,
the light meter object 206 stores data associated with the light
meter 308. This data includes the density of the grid points
defined by the light meter 308 and the orientation and the size
of the light meter 308.

The graphical user interface 314 includes a calculate button
316. When an end-user presses the calculate button 316, the
software rendering engine 210 computes the lighting values
associated with the light meter 308 for each frame that
includes the 3-D graphics model 306. As described previ-
ously in conjunction with FIG. 2, the computed lighting val-
ues are stored in the light meter object 206. In addition, the
software rendering engine 210 computes the per-pixel light-
ing values and creates a JPEG image that includes the 3-D
graphics model 306 with a superimposed overlay grid with
the per-pixel lighting values, for each frame, as previously
described herein.

FIG. 4A illustrates a first display window 402 that includes
a first overlay grid 404 superimposed on the 3-D graphics
model 306 of FIG. 3 as well as a second display window 408
that includes a JPEG image 410 of a second overlay grid 414
superimposed on the 3-D graphics model 306, according to
one embodiment of the present invention. As shown, the first
display window 402 includes an image that includes the 3-D
graphics model 306 and the first overlay grid 404. Each of the
grid points on the first overlay grid 404 corresponds to a grid
point defined by the light meter 308. The lighting values, like
value 406, on each of the grid points in the first overlay grid
404 correspond to the computed lighting values stored in the
light meter object 206.

For each frame that includes the 3-D graphics model 306,
the graphics application 104 retrieves the associated lighting
values corresponding to the grid points defined by the light
meter 308 and information about the light meter 308, such as
the position relative to one or more surfaces of the 3-D graph-
ics model 306 and shading information, from the light meter
object 206. The graphics application 104 then transmits these
lighting values and light meter information to the GPU driver
108. The graphics application 104 also transmits instructions
to render a superimposed first overlay grid 404 with lighting
values on the 3-D graphics model 306 at a position defined by
the location of the light meter 308 to the GPU driver 108. The
GPU driver 108 transmits these instructions as well as the
lighting values and light meter information to the GPU 130.
The GPU 130 then renders a superimposed first overlay grid
404 with lighting values associated with the light meter 308
on the 3-D graphics model 306 and scans out the resulting
image for display within the first display window 402.

Again, the lighting values displayed with the first overlay
grid 404 correspond to the lighting values computed for the
set of points on the surface of the 3-D graphics model 306
defined by the light meter 308 of FIG. 3. In some embodi-
ments, the area covered by the first overlay grid 404 is shaded
based on the intensity of the light, reflected in the lighting
values. For example, if the lighting values reflect a high light
intensity, then the area covered by the first overlay grid 404
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may be shaded with a corresponding brightness. The 3-D
graphics model 306 with the superimposed first overlay grid
404 and associated lighting values may be saved by an end-
user in the external memory 116.

Inaddition, for each frame that includes the graphics model
306, the graphics application 104 transmits the corresponding
JPEG image to the GPU driver 108 after retrieving the JPEG
image from either the JPEG buffer 222 or the application
memory portion 118 in the external memory 116. The graph-
ics application 104 also transmits instructions to the GPU
driver 108 to display the transmitted JPEG image in the
second display window 408. In turn, the GPU driver 108
transmits the received instructions and JPEG image to the
GPU 130, which renders and scans out the resulting JPEG
image for display in a second display window 408. Again, the
JPEG image includes the graphics model 306 along with the
superimposed overlay grid with the per-pixel lighting values.

As also shown in FIG. 4A, the second display window 408
includes a JPEG image 410 and the statistical information
416. The JPEG image 410 includes a second overlay grid 414
with per-pixel lighting values, where each per-pixel lighting
value is associated with one point on the grid, superimposed
on the 3-D graphics model 306. In one embodiment, the
second overlay grid 414 spans the entire area of the JPEG
image 410 but, in other embodiments, the second overlay grid
414 may span only a portion of the area of the JPEG image
410. Each per-pixel lighting value, like value 412, is associ-
ated with a point on the second overlay grid 414 and may be
color-coded based on hot/cold pseudo-coloring technique, to
indicate the intensity of light at that point on the 3-D graphics
model 306. The statistical information 416 includes informa-
tion associated with the JPEG image 410, such as the maxi-
mum lighting value associated with the 3-D graphics model
306 and the modeled time of day reflected in the JPEG image
410. The statistical information 416 is generated by the
graphics application 104 based on the lighting values com-
puted by the software rendering engine 104 and/or the user-
defined settings associated with the 3-D graphics model 306.
The statistical information 416 is transmitted by the graphics
application 104 to the GPU 130, via the GPU driver 108 and
the GPU 130 renders the statistical information 416 along
with the JPEG image 410 for display in the second display
window 408.

FIG. 4B illustrates a more detailed view of the first display
window 402 of FIG. 4A, according to one embodiment of the
present invention. Again, the lighting values displayed with
the first overlay grid 404, like the value 406, correspond to the
lighting values computed for a set of points on the surface of
the 3-D graphics model 306 defined by the light meter 308 of
FIG. 3. Here, the displayed lighting value 406 has a numerical
value of 245.

FIGS. 5A and 5B illustrate how the lighting values on the
first overlay grid 404 of F1G. 4A change frame-over-frame as
a timeline scrollbar 504 is moved, according to one embodi-
ment of the present invention. As shown in FIGS. 5A and 5B,
the application display window 302 includes a first display
window 402 and a timeline scrollbar 504. The first display
window 402 includes an image that includes 3-D graphics
model 306 and a first overlay grid 404 which has lighting
values associated with the light meter 308, superimposed on
the 3-D graphics model 306. An end-user may move the
timeline scrollbar 504 in the application display 302 left-to-
right, using the input device 112. Each position of the timeline
scrollbar 504 corresponds to a particular frame that includes
the 3-D graphics model 306. As the timeline scrollbar 504 is
moved, the graphics application 104 detects this movement
and transmits the lighting values associated with a corre-
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sponding frame to the GPU driver 108. The graphics appli-
cation 104 also transmits light meter information associated
with the corresponding frame from the light meter object 206
to the GPU driver 108.

As described in conjunction with FIG. 4A, the lighting
values and light meter information are transmitted by the
GPU driver 108 to the GPU 130 and the GPU 130 renders an
image that includes the 3-D graphics model 306 with a super-
imposed first overlay grid 404 with lighting values associated
with the light meter 308. The GPU 130 scans out the resulting
image for display in the first display window 402. Conse-
quently, the first overlay grid 404 of FIG. 5A includes lighting
values, like value 502, associated with a first frame corre-
sponding to a first position of the timeline scrollbar 504. The
first overlay grid 404 of FIG. 5B includes lighting values, like
value 506, associated with a second frame corresponding to a
second position of the timeline scrollbar 504. In addition, the
area covered by the first overlay grid 404 may be shaded
based on the light meter information received by the GPU
130. Thus, the shading of the area covered by first overlay grid
404 may vary as shown in FIGS. 5A and 5B, in response to the
changing positions of the timeline scrollbar 504.

FIGS. 6A and 6B illustrate JPEG images in the second
display window 408 of FIG. 4A changing as a mouse cursor
606 moves across the second display window 408, according
to one embodiment of the present invention. As shown in FI1G.
6A, the second display window 408 includes a JPEG image
602, a mouse cursor 606 and statistical information 416. The
JPEG image 602 includes the 3-D graphics model 306 and a
superimposed overlay grid 604 with per-pixel lighting values,
like the value 608, that reflect the position of the light source
310 relative to 3-D graphics model 306 for a particular frame.
The statistical information 416 is generated by the graphics
application 104 and is specific to the JPEG image 602. The
mouse cursor 606 may be moved across the second display
window 408 by an end-user using the input device 112. Each
position of the mouse cursor 606 is associated with a particu-
lar frame that includes the 3-D graphics model 306.

As the mouse cursor is moved, the JPEG image of the
corresponding frame is transmitted by the graphics applica-
tion 104 to the GPU 130, via the GPU driver 108. Again, the
GPU 130 renders and scans out the resulting JPEG image for
display in the second display window 408. As shown in FIG.
6B, the mouse cursor 606 is located at a different position
relative to the position illustrated in FIG. 6A, and, as a result
of the movement of the mouse cursor 606, the JPEG image
612 is rendered and displayed in the second display window
408. The JPEG image 612 includes the 3-D graphics model
306 and a second superimposed overlay grid 610 with the
per-pixel lighting values, like value 614, that reflect the posi-
tion of the light source 310 relative to the 3-D graphics model
306 for a second frame. The statistical information 416, in
FIG. 6A, is associated with the JPEG image 602 and the
statistical information 416, in FIG. 6B, is associated with the
JPEG image 612.

FIG. 7 is aflow diagram of method steps for calculating and
storing lighting values associated with the light meter 308 of
FIG. 3 for each frame that includes the 3-D graphics model
306, according to one embodiment of the present invention.
Although the method steps are described in conjunction with
the systems for FIGS. 1-6B, persons skilled in the art will
understand that any system configured to perform the method
steps, in any order, is within the scope of the invention.

The method 700 begins at step 702, where a light meter 308
is created on a 3-D graphics model 306 by an end-user and a
corresponding light meter object 206 is generated and stored
in the graphics model bufter 202 in the graphics application
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104. At step 704, the position of the light source 310 is
configured to change relative to the 3-D graphics model 306
for each frame that includes the 3-D graphics model 306, by
the end-user. The graphics data associated with each frame is
stored in the graphics data buffer 204 in the graphics model
buffer 202. At step 706, the end-user presses the calculate
button 316, using the input device 112. The graphics appli-
cation 104 detects this input and transmits a request to the
software rendering engine 210 to compute the lighting values
associated with each grid point of the light meter 308 for each
frame that includes the 3-D graphics model 306. At step 708,
the computed lighting values associated with the light meter
308 are transmitted by the software rendering engine 210 to
the light meter object 206, where the lighting values are
stored.

FIG. 8 is a flow diagram of method steps for displaying the
lighting values associated with the light meter 308 of FIG. 3
frame-over-frame on the first overlay grid 404 of FIG. 4A,
according to one embodiment of the present invention.
Although the method steps are described in conjunction with
the systems for FIGS. 1-6B, persons skilled in the art will
understand that any system configured to perform the method
steps, in any order, is within the scope of the invention.

The method 800 begins at step 802, where the graphics
application 104 transmits the lighting values associated with
the light meter 308 for a first frame that includes the 3-D
graphics model 306 from the light meter object 206 to the
GPU 130. As described in conjunction with FIG. 4A, the
graphics application 104 also transmits instructions to render
the superimposed first overlay grid 404 with lighting values
associated with the light meter 308 on the 3-D graphics model
306 at a position defined by the location of the light meter 308
to the GPU driver 108. The GPU driver 108 transmits these
instructions as well as the lighting values and light meter
information to the GPU 130. At step 804, the GPU 130 ren-
ders the 3-D graphics model 306 along with the first overlay
grid 404 with lighting values associated with the light meter
308 superimposed on the 3-D graphics model 306 and scans
out the resulting image for display within the first display
window 402.

At step 806, if the timeline scrollbar 504 is moved by the
end-user, using the input device 112, then the graphics appli-
cation 104 detects this movement, and the method 800 pro-
ceeds to step 808. At step 808, the graphics application 104
transmits, from the light meter object 206 to the GPU 130, the
lighting values associated with the light meter 308 for a
second frame that includes the 3-D graphics model 306. The
method 800 then returns to step 804. The method 800 contin-
ues in this fashion, looping through step 804-808, to display
lighting values associated with the light meter 308 for various
frames that include the 3-D graphics model 306.

If, however at step 806, the timeline scrollbar 504 is not
moved by the end-user, then the method 800 continues to loop
back to step 806 until the timeline scrollbar 504 is moved.

FIG. 9 is a flow diagram of method steps for generating a
JPEG image with a superimposed overlay grid with lighting
values for each frame that includes the 3-D graphics model
306, according to one embodiment of the present invention.
Although the method steps are described in conjunction with
the systems for FIGS. 1-6B, persons skilled in the art will
understand that any system configured to perform the method
steps, in any order, is within the scope of the invention.

The method 900 begins at step 902, where the software
rendering engine 210 renders a color image for each frame
that includes the 3-D graphics model 306. As described in
conjunction with FIG. 2, the software rendering engine 210
uses the graphics data in the graphics data 204 to render the
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high-quality color images. At step 904, the rendered images
are stored in the rendered images bufter 214, via the commu-
nication path 212. At step 906, the software rendering engine
210 computes the per-pixel lighting values for each frame that
includes the 3-D graphics model 306. At step 908, the com-
puted per-pixel lighting values are stored in the lighting val-
ues buffer 218.

Atstep 910, the software rendering engine 210 retrieves the
rendered images from the rendered images buffer 214 and the
lighting values from lighting values buffer 218 and superim-
poses an overlay grid with per-pixel lighting values associ-
ated with each frame that includes the 3-D graphics model
306 on the corresponding rendered image. At step 912, the
software rendering engine 210 generates a JPEG image from
each of the rendered images with the superimposed overlay
grid with per-pixel lighting values. At step 914, the generated
JPEG images are stored in the JPEG bufter 222. The graphics
application 104 may also transmit the JPEG images from the
JPEG buffer 222 to the application memory 118 portion of the
external memory 116, via the CPU 122, for storage.

FIG. 10 is a flow diagram of method steps for displaying
JPEG images frame-over-frame in the second display win-
dow 408 of FIG. 4A, according to one embodiment of the
present invention. Although the method steps are described in
conjunction with the systems for FIGS. 1-6B, persons skilled
in the art will understand that any system configured to per-
form the method steps, in any order, is within the scope of the
invention.

The method 1000 begins at step 1002, where the graphics
application 104 transmits a first JPEG image associated with
a first frame that includes the 3-D graphics model 306 to the
GPU 130, via the GPU driver 108. The graphics application
104 may retrieve the JPEG image from the JPEG buffer 222
or the application memory 118 portion of the external
memory 116. At step 1004, the first JPEG image received by
the GPU 130 is rendered and scanned out for display in the
second display window 408.

At step 1006, if the mouse cursor 606 is moved across the
second display window 408 by an end-user, then the graphics
application 104 detects this movement and the method 1000
proceeds to step 1008. At step 1008, the graphics application
104 transmits a second JPEG image associated with a second
frame that includes the 3-D graphics model 306 to the GPU
130, via the GPU driver 108. At step 1010, the second JPEG
image received by the GPU 130 is rendered and scanned out
for display in the second display window 408, and the method
1000 returns to step 1006. The method 1000 continues in this
fashion, looping through steps 1006-1010 to display different
JPEG images which include overlay grids with per-pixel
lighting values that are associated with various frames that
include the 3-D graphics model 306. If, at step 1006, the
mouse cursor 606 is not moved by the end-user, then the
method 1000 continues to loop back to step 1006, until the
mouse cursor 606 is moved.

In sum, displaying lighting values associated with object
surfaces in a 3-D graphics model may be accomplished with
an overlay grid that is superimposed on the 3-D graphics
model and shows lighting values associated with one or more
object surfaces in the 3-D graphics model. More specifically,
a light meter object is created and used to define a light meter,
which is an area on a surface within the 3-D graphics model
for which lighting values are computed. Lighting values asso-
ciated with the light meter are computed by the software
rendering engine for grid points within the light meter for
each frame that includes the 3-D graphics model. The lighting
values associated with the light meter are stored in the light
meter object in the graphics application in the system
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memory. For each frame that includes the 3-D graphics
model, the lighting values and the shading information of the
light meter associated with that frame are transmitted from
the light meter object within the graphics application to the
GPU via a GPU driver. The GPU superimposes the received
lighting values associated with the light meter on points on an
overlay grid on the 3-D graphics model and displays the
overlay grid with the light meter lighting values on a display
window within the display screen. Further, the area defined by
the light meter on the 3-D graphics model is shaded according
to the graphics data received by the GPU. As an end-user
moves a timeline scrollbar on the display screen, lighting
values associated with a corresponding frame are superim-
posed on the overlay grid on the 3-D graphics model and the
shading of the area covered by the overlay grid on the 3-D
graphics model varies accordingly.

In addition, the software rendering engine renders a high-
quality colored image and computes per-pixel lighting values
for each frame that includes the 3-D graphics model. For each
frame, an overlay grid with a per-pixel lighting value associ-
ated with each point on the overlay grid is superimposed on
the high-quality colored image of the 3-D graphics model
associated with that frame. The software rendering engine
then renders a JPEG image from each of the high-quality
colored images with the superimposed overlay grid. The gen-
erated JPEG image includes the 3-D graphics model with the
superimposed overlay grid with the per-pixel lighting values
and may be stored in the application memory portion of the
external memory. In one embodiment, the per-pixel lighting
values in the generated JPEG images are color-coded, using
hot/cold pseudo-coloring techniques, to indicate the light
intensities associated with the different points on the overlay
grid for which lighting values are provided. A generated
JPEG image associated with a particular frame may be trans-
mitted by the graphics application to the GPU which renders
the JPEG image and scans out the resulting image for display
in a dedicated display window within the display screen. As
an end-user scrolls over the dedicated display window with a
mouse cursor, the JPEG images are transmitted sequentially
by the application memory to the GPU via the GPU driver.
The GPU displays the JPEG image within the dedicated dis-
play window to show the varying lighting values as the mouse
cursor is moved.

Advantageously, superimposing an overlay grid with light-
ing values on a 3-D graphics model allows the end-user to
easily view the lighting values associated with the 3-D graph-
ics model. In addition, since the lighting values associated
with a light meter and the per-pixel lighting values are com-
puted for every frame that includes the 3-D graphics model,
the effects of a varying light source on the 3-D graphics model
can be easily observed by way of the overlay grid with com-
puted lighting values rendered on top of the 3-D graphics
model within a first display window or a JPEG image dis-
played within a second display window that includes an over-
lay grid with per-pixel lighting values superimposed on the
3-D model. The shading of the area covered by the overlay
grid with lighting values rendered on top of the 3-D graphics
model within the first display window as well as the color
coding of the per-pixel lighting values displayed in the second
display window provide a high-level view of the computed
lighting values to the end-user.

While the foregoing is directed to embodiments of the
present invention, other and further embodiments of the
invention may be devised without departing from the basic
scope thereof. For example, aspects of the present invention
may be implemented in hardware or software or in a combi-
nation of hardware and software. One embodiment of the
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invention may be implemented as a program product for use
with a computer system. The program(s) of the program
product define functions of the embodiments (including the
methods described herein) and can be contained on a variety
of computer-readable storage media. Illustrative computer-
readable storage media include, but are not limited to: (i)
non-writable storage media (e.g., read-only memory devices
within a computer such as CD-ROM disks readable by a
CD-ROM drive, flash memory, ROM chips or any type of
solid-state non-volatile semiconductor memory) on which
information is permanently stored; and (ii) writable storage
media (e.g., floppy disks within a diskette drive or hard-disk
drive or any type of solid-state random-access semiconductor
memory) on which alterable information is stored. Such com-
puter-readable storage media, when carrying computer-read-
able instructions that direct the functions ofthe present inven-
tion, are embodiments of the present invention. Therefore, the
scope of the present invention is determined by the claims that
follow.

What is claimed is:

1. A method for displaying lighting values associated with
a graphics model, the method comprising:

generating a light meter on a surface associated with the

graphics model, wherein the graphics model includes
one or more graphics objects, and the light meter defines
aset of points on the surface associated with the graphics
model,;

generating a light meter object corresponding to the light

meter;

computing a lighting value for each point in the set of

points based on at least one light source associated with
the graphics model to generate a first set of computed
lighting values;

storing the first set of computed lighting values in the light

meter object;
rendering, via a processing unit, the graphics model, a first
overlay grid, and the first set of computed lighting values
transmitted from the light meter object for display in a
first display window, wherein the first overlay grid and
the first set of computed lighting values are superim-
posed on the graphics model, and each grid point in the
first overlay grid corresponds to a computed lighting
value stored in the light meter object; and
changing atleast one of the displayed lighting values based
on a timeline associated with the first display window;

wherein an area in the display image covered by the first
overlay grid is shaded based on the first set of computed
lighting values.

2. The method of claim 1, further comprising the step of
transmitting the first set of computed lighting values from the
light meter object to a graphics processing unit.

3. The method of claim 1, further comprising the step of
displaying the graphics model, the first overlay grid, and the
first set of computed lighting values in the first display win-
dow.

4. The method of claim 1, wherein the at least one light
source is configured to change position relative to the graph-
ics model.

5. The method of claim 4, wherein the first set of computed
lighting values is based on a first position of the at least one
light source, and further comprising the steps of:

computing a lighting value for each point in the set of

points based on a second position of the at least one light
source to generate a second set of computed lighting
values;

storing the second set of computed lighting values in the

light meter object; and
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rendering the graphics model, a second overlay grid, and
the second set of computed lighting values transmitted
from the light meter object for display in the first display
window, wherein the second overlay grid and the second
set of computed lighting values are superimposed on the
graphics model, and each grid point in the second over-
lay grid corresponds to a computed lighting value stored
in the light meter object;

wherein an area in the display image covered by the second

overlay grid is shaded based on the second set of com-
puted lighting values.

6. The method of claim 5, further comprising the step of
transmitting the second set of computed lighting values from
the light meter object to a graphics processing unit.

7. The method of claim 5, further comprising the step of
displaying the graphics model and at least one of the first
overlay grid, the second overlay grid, the first set of computed
lighting values, and the second set of computed lighting val-
ues in the first display window based on a position of a
timeline scrollbar associated with the first display window.

8. A non-transitory computer-readable medium including
instructions that, when executed by a processing unit, cause
the processing unit to display lighting values associated with
a graphics model, by performing the steps of:

generating a light meter on a surface associated with the

graphics model, wherein the graphics model includes
one or more graphics objects, and the light meter defines
aset of points on the surface associated with the graphics
model,;

generating a light meter object corresponding to the light

meter;

computing a lighting value for each point in the set of

points based on at least one light source associated with
the graphics model to generate a first set of computed
lighting values;

storing the first set of computed lighting values in the light

meter object; and
rendering the graphics model, a first overlay grid, and the
first set of computed lighting values transmitted from the
light meter object for display in a first display window,
wherein the first overlay grid and the first set of com-
puted lighting values are superimposed on the graphics
model, and each grid point in the first overlay grid cor-
responds to a computed lighting value stored in the light
meter object; and
changing at least one of the displayed lighting values based
on a timeline associated with the first display window;

wherein an area in the display image covered by the first
overlay grid is shaded based on the first set of computed
lighting values.

9. The computer-readable medium of claim 8, further com-
prising the step of transmitting the first set of computed light-
ing values from the light meter object to a graphics processing
unit.

10. The computer-readable medium of claim 8, further
comprising the step of displaying the graphics model, the first
overlay grid, and the first set of computed lighting values in
the first display window.

11. The computer-readable medium of claim 8, wherein the
at least one light source is configured to change position
relative to the graphics model.

12. The computer-readable medium of claim 11, wherein
the first set of computed lighting values is based on a first
position of the at least one light source, and further compris-
ing the steps of:
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computing a lighting value for each point in the set of
points based on a second position of the at least one light
source to generate a second set of computed lighting
values;

storing the second set of computed lighting values in the

light meter object; and

rendering the graphics model, a second overlay grid, and

the second set of computed lighting values transmitted
from the light meter object for display in the first display
window, wherein the second overlay grid and the second
set of computed lighting values are superimposed on the
graphics model, and each grid point in the second over-
lay grid corresponds to a computed lighting value stored
in the light meter object;

wherein an area in the display image covered by the second

overlay grid is shaded based on the second set of com-
puted lighting values.

13. The computer-readable medium of claim 8, further
comprising the step of transmitting a second set of computed
lighting values from the light meter object to a graphics
processing unit.

14. The computer-readable medium of claim 8, further
comprising the step of displaying the graphics model and at
least one of the first overlay grid, a second overlay grid, the
first set of computed lighting values, and a second set of
computed lighting values in the first display window based on
a position of a timeline scrollbar associated with the first
display window.

15. A computing system configured to display lighting
values associated with a graphics model, the computing sys-
tem comprising:

a processing unit; and

a system memory coupled to the processing unit and

including a graphics application configured to perform

the steps of:

generating a light meter on a surface associated with the
graphics model, wherein the graphics model includes
one or more graphics objects, and the light meter
defines a set of points on the surface associated with
the graphics model;

generating a light meter object corresponding to the light
meter;

computing a lighting value for each point in the set of
points based on at least one light source associated
with the graphics model to generate a first set of
computed lighting values;

storing the first set of computed lighting values in the
light meter object; and

rendering the graphics model, a first overlay grid, and
the first set of computed lighting values transmitted
from the light meter object for display in a first display
window, wherein the first overlay grid and the first set
of computed lighting values are superimposed on the
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graphics model, and each grid point in the first overlay
grid corresponds to a computed lighting value stored
in the light meter object; and

changing at least one of the displayed lighting values
based on a timeline associated with the first display
window;

wherein an area in the display image covered by the first
overlay grid is shaded based on the first set of com-
puted lighting values.

16. The computing system of claim 15, wherein the graph-
ics application is further configured to perform the step of
transmitting the first set of computed lighting values to the
processing unit.

17. The computing system of claim 15, wherein the pro-
cessing unit is configured to perform the step of displaying in
the first display window the graphics model, the first overlay
grid, and the first set of computed lighting values.

18. The computing system of claim 15, wherein the at least
one light source is configured to change position relative to
the graphics model.

19. The computing system of claim 18, wherein the first set
of computed lighting values is based on a first position of the
at least one light source, and wherein the graphics application
is further configured to perform the steps of:

computing a lighting value for each point in the set of

points based on a second position of the at least one light
source to generate a second set of computed lighting
values;

storing the second set of computed lighting values in the

light meter object; and

rendering the graphics model, a second overlay grid, and

the second set of computed lighting values transmitted
from the light meter object for display in the first display
window, wherein the second overlay grid and the second
set of computed lighting values are superimposed on the
graphics model, and each grid point in the second over-
lay grid corresponds to a computed lighting value stored
in the light meter object;

wherein an area in the display image covered by the second

overlay grid is shaded based on the second set of com-
puted lighting values.

20. The computing system of claim 19, wherein the graph-
ics application is further configured to perform the step of
transmitting the second set of computed lighting values from
the light meter object to a graphics processing unit.

21. The computing system of claim 19, wherein the pro-
cessing unit is configured to perform the step of displaying the
graphics model and at least one of the first overlay grid, the
second overlay grid, the first set of computed lighting values,
and the second set of computed lighting values in the first
display window based on a position of a timeline scrollbar
associated with the first display window.
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